Below the Néel temperature ( T N = 311 K), metallic chromium (Cr) occurs in an antiferromagnetic state with incommensurate spin density waves (SDWs) [1]. In this state, the antiferromagnetically ordered magnetic moments are sine-modulated with a period of about 60 Å in the crystallographic [001] direction. The incommensurate SDW state in Cr is formed due to the delocalized character of electrons responsible for the magnetism.
Below the Néel temperature ( T N = 311 K), metallic chromium (Cr) occurs in an antiferromagnetic state with incommensurate spin density waves (SDWs) [1] . In this state, the antiferromagnetically ordered magnetic moments are sine-modulated with a period of about 60 Å in the crystallographic [001] direction. The incommensurate SDW state in Cr is formed due to the delocalized character of electrons responsible for the magnetism.
In thin Cr films, the incommensurate SDW state depends on the magnetic and electronic properties of interfaces [2] [3] [4] . For example, iron (Fe) layers adjoining the two surfaces of a Cr interlayer induce incommensurate SDWs in the direction perpendicular to the ferromagnetic layers, so that antinodes occur at the FeCr(001) interfaces [3, 5] . In contrast to this system, the SDW amplitude at the contact of Cr with vanadium (V) is strongly suppressed [5, 6] . According to the Möss-bauer spectroscopy data [7, 8] , the magnetic moment of Cr vanishes at the V-Cr boundary and is restored on a level comparable with the value in bulk Cr at a distance of about 40 Å from the interface.
The influence of ferromagnetism on superconductivity in thin-film heterostructures comprising superconductor (S) and ferromagnet (F) layers has been thoroughly studied and well understood for Pb-Fe ) sapphire substrates [20, 21] . At the same time, weakly pronounced anomalies in T c ( d Cr ) were reported for V-Cr(110) multilayers studied in [16, 22] .
When the proximity effect is studied in systems involving superconductor-chromium interfaces, it is usually assumed that the situation is analogous to that in the superconductor-normal metal system, since the exchange field of the antiferromagnet is averaged virtually to zero over a distance comparable with the coherence length ξ s (or with the Cooper pair size) of the superconductor. The small penetration depth of Cooper pairs in a Cr layer (as compared to that in the normal metal), is explained by introducing the mechanism of Abrikosov-Gor'kov scattering on magnetic defects [23] , which breaks these pairs.
The assumption that antiferromagnetism as such does not contribute to the proximity effect could be valid if the antiferromagnetic state were formed by localized magnetic moments. However, we believe that this is not true in the case of superconductor-chromium systems, because the SDW state in Cr is due to itinerant (band) electrons, which are capable of forming a superconducting state induced by the proximity effect. The proximity effect was studied in a thin-film Fe-Cr-V-Cr-Fe layered system. As the chromium layer thickness ( SDW and superconductivity (see, e.g., [24] ) showed that, in the part of the Fermi surface where nesting favors the SDW order, the possibility of a superconducting gap formation is limited and the superconducting transition temperature is depressed if the temperature of transition to the SDW state is higher than the initial T c value. Therefore, the appearance of antiferromagnetic order in Cr and the penetration of Cooper pairs from V into Cr can be considered as manifestations of the competition of two antagonistic types of collective electron ordering phenomena.
In this study, we use a combined approach to the proximity effect in the V-Cr system. Thin Cr spacers introduced between V and Fe layers in V-Fe heterostructures produce screening of the influence of a strong exchange field of Fe on Cooper pairs in the superconductor. At the same time, it is expected that possible changes in the magnetic state of Cr layers with variable thickness d Cr will also influence superconductivity. Both these effects, the screening and the magnetic ordering (competing with superconductivity), can be distinguished by systematically studying the behavior of T c ( d Cr ) and T c ( d Fe ) in a thin-film Fe-Cr-V-Cr-Fe layered system.
The samples of a thin-film Fe-Cr-V-Cr-Fe structure were grown on single-crystal MgO(001) substrates by molecular beam epitaxy in an ultrahigh vacuum system with a residual pressure of 5 × 10 -11 mbar. During deposition of the layer of a given material with a fixed thickness, the substrate holder bearing a series of samples was rotated so as to ensure homogeneous growth over each sample area. The series of samples with variable thicknesses of Fe and Cr layers were obtained by oblique deposition onto substrates with a length of 34 mm and a width of 5 mm. In this case, the substrate holder was not rotated and the substrate was positioned relative to the crucible so as to provide for the maximum natural gradient of deposited-layer thickness along the sample length. In order to obtain epitaxial films with improved structure, the substrates were initially covered with a 40-Å-thick Cr layer; in the final stage, the sample structures were covered by a protective 50-Å-thick Cr layer. After extraction from the vacuum chamber, long plates were cut so as to obtain a series of samples with different thicknesses of iron ( d Fe ) or chromium ( d Cr ) layers. We prepared and studied four series of sample structures with the layer thicknesses presented in the table. In series 1, d Cr was varied at a fixed d Fe = 50 Å. In series 2-4, d Cr was fixed and d Fe was varied. The thickness of the V layer was 300 Å in all samples. This value was selected upon analysis of the data available on the proximity effect in V-Fe systems, which showed that maximum sensitivity of T c in the multilayer structures with respect to the thickness of Fe and V layers was observed for the samples with d V = 300 Å.
The thicknesses of component layers were evaluated using computer-aided fitting of the small-angle X-ray scattering patterns, which showed that the interfacial roughness did not exceed 3-4 Å. The Bragg diffraction patterns showed that the film plane coincided with the (001) crystallographic plane in the texture of all layers. The magnetic measurements on all samples were performed at T = 20 K with the aid of a SQUID magnetometer. Assuming that the saturation magnetization is independent of Fe (which is confirmed by our data for the V-Fe system [13]), we used the results of magnetic measurements to refine the thickness of ferromagnetic layers in the samples studied.
The superconducting transition temperature T c was determined from the change of the sample dc resistance measured according to the standard four-point-probe trechnique. The ratio of the room-temperature resistance to the residual resistance R res near the superconducting transition temperature (called residual resistivity ratio, RRR ) for all samples was on the order of R (300 K)/ R res ~ 4. Once the phonon contribution to the resistivity of vanadium was known, ρ phon (300 K) = 18.2 µΩ cm, we estimated the residual resistivity as ρ res Ӎ 6 µΩ cm. Following Lazar et al. [9] and using the Pippard relations [25], we established a relation between the mean free path l of conduction electrons and the residual resistivity of vanadium, ρ res l = 2.5 × 10 − 6 µΩ cm 2 . For our samples this relation yields l = 40 Å. Using this estimate of l and the known BCS coherence length in vanadium, ξ o = 440 Å, we may calculate the superconducting coherence length as ξ s = = 75 Å for V layers in our samples. Figure 1 shows the T c ( d Cr ) plot, obtained for the samples of series 1 with an Fe-layer thickness fixed at d Fe Ӎ 50 Å, the experimental points for maximum Fe-layer thicknesses in series 2-4 ( d Fe ~ 20 Å), and one experimental point for d Cr = 0 taken from our previous study [13] . Since the penetration depth of Cooper pairs into iron is ξ I ~ 20 Å [9], the layer of Fe with a thickness of 10 Å in series 2-4 can be considered as thick and comparable in this respect with the samples of series 1
